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^ iMultt4ayared hollow container. 

@ A multMayered hollow container comprises an inner 
layer made of a tfiermoplastic fluorocarbon resin, an Inter- 
mediate layer made of a mixed resin comprising 80 to 30% 
by weight of a polyolefm grafted with an unsaturated gly- 
cidyl compound and 50 to 10% by weight of a polyolefin. and 
an outer layer made of a polyolefin. This container is cap- 
able of being formed in an economical and cheap manner 
by the multi-layer co-extrusion blow molding method and 
has a good chemical resistance to agricultural chemicals, 
fuel oil and industrial chemicals and a good interlaminar 
strength and water-vaporproof property. 
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Background of the Invention 

1, Field of the Invention 

The present invention relates to a container 
suitable for containing agricultural chemicals, fuel 
oil and industrial chemicals. 

2. Description of the Prior Art 

Heretofore, containers made of polyolefins such as 
polyethylene or polypropylene have been generally used 
for holding agricultural chemicals, fuel oil and 
industrial chemicals such as those of aromatic hydro^ 
carbon series or aliphatic hydrocarbon series. These 
containers, however, are unsatisfactory because they 
swelL or crack after a certain period of time- in view 
of a poor resistance to chemicals so that they cannot 
be widely used from the viewpoint of safety. 

In order to improve the chemical resistance, the 
use of a resin having good resistance to organic 
chemicals such as nylon has been proposed. Although an 
attempt has long been made to produce hollow containers 
made singly of nylon, those containers have not yet 
been commercialized because o£ their various disadvan-^ 
tages and difficulties such as a high cost of nylon, a 
poor moldability and drawdown owing to the low molten 
viscosity, and a low fused adhesion strength of the 
pinch-off portion in the bottom of nylon single layer 
container leading to an easy separation of the 
pinch-off portion if the container is dropped. 
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Therefore, contents such as agricultural chemi- 
cals, fuel oil and industrial chemicals have been 
generally held in metallic cans or glass bottles at the 
present time. However, disposal of wastes of metallic 
cans and glass bottles after use thereof has become a 
social problem. In place of these containers,, contain- 
ers suitable for filling such contents have long been 
desired.. 

As the method of coping with those prior art. 
problems, for example, as shown in Japanese. Patent 
Laid-open Publication No. 53-21675 (1978) ,. the 
production of a three- layer container having an excel- 
lent chemical resistance and moldability by the 
"^Iti^layer co-extrusion blow molding method has now 
been developed and put to practical use. This 
three-layer container comprises an intermediate layer 

• consisting of an adhesive polyolefin, aiid an inner:. 

: layer , which is brought into direct contact, with liquid 
contents, consisting of nylon or saponified ethyl- 
ene-vinyl acetate copolymer having an excellent resist- 
ance particularly to organic solvents and so on. These 
resins, however, do not exhibit an excellent resistance 
to all liquid contents. For example, nylon is very 
poor in resistance to phenols, alcohols, strong acids 
and weak acids. The saponified ethylene-vinyl acetate 
copolymers have, the defect that they do not have a 
sufficient resistance to solvents having a hydroxyl 
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group as in the case of nylon. Metals are inappropri- 
ate for acids, and glass is inappropriate for alkaline 
hydrates . 

A fluorocarbon resin is generally known as a 
material exhibiting an excellent resistance to all 
chemicals. The fluorocarbon resin is generally 
excellent in chemical resistance and has no water 
absorption properties, and its abrasion resistance, 
self lubrication and non- tackiness are the best among 
synthetic resins. Tetraf luoroethylene resin (herein- 
after referred to as TFE) is known most among the 
fluorocarbon resins. TFE has the lowest chemical 
activity possible as a fluorine-containing polymer, 
lowest friction, non-tackiness, best dielectric . 
performance, minimum water absorption, highest 
resistance to high and low temperatures and best 
weathering property among the fluorocarbon resins* 
However, TFE does not have a plasticity so as to be 
molten at its melting point so that its processability 
is extremely poor. Accordingly, it is processed 
according to a method similar to that adopted in the 
field of powder metallurgy so that its use is limited. 

A thermoplastic fluorocarbon resin which is " 
extrusion moldable may include ethylene- tetraf luoro- 
ethylene alternating copolymer resin (hereinafter 
referred to as ETFE) , polyvinylidene fluoride resin 

or 

(PVDF) ,; polyvinyl fluoride resin (PVF).t^i 
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ethylene-ethylene chloride trifluoride alternating 
copolymer resin (ECTFE) , polyethylene chloride 
trifluoride resin (PCTFE) and 

tetraf luoroethylene-hexaf luoroethylene alternating 
copolymer resin (FEP) . These resins contain fluorine 
atoms in their molecular segments so that they exhibit 
properties similar to those of TEE. Although the 
fluorocarbon resins have favorable properties, they are 
very expensive so that their use is restricted to some 
special fields from economical aspects. 

The thermoplastic fluorocarbon resins also have 
difficulty in laminating with other resins l^ecause they 
generally have significant non- tackiness. 

As the method of overcoming those defects as set 
forth hereinabove, we have disclosed in our copending 
Japanese Patent Laid-Open Publication No. 56-13337 
(1981) the mur-ti-'layer co-extrusion blow molding method 
adapted to produce a container having a favorable 
chemical resistance, water-vaporproof , inter laminar 
strength and economy in production, the container 
comprising an inner layer made of a thermoplastic 
fluorocarbon resin, an intermediate layer made of a 
polyoleiin grafted with an unsaturated glycidyl 
compound, and an outer layer made of a polyolefin. 
This method, however, has the defect that it has a poor 
co-extrusion blow moldability although the inter laminar 
strength is satisfactory, in this method, the 
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fluorocarbon resin to be used as the inner layer has a 
high molding temperature ranging from 250 to 350*C, so 
that the molten viscosity of the unsaturated glycidyl 
graft-modified polyolefin as the intermediate layer to 
be extruded as a laminate with the fluorocarbon resin 
Clecreases remarkably leading to irregularities in wall 
thickness in the inner and. intermediate layers, in the 
circumferential direction of. the resulting container • 
In some extreme cases, the graft-modified polyolefin 
for the intermediate layer cannot be filled to form a 
full intermediate layer resulting in a container 
wherein the thermoplastic fluorocarbon resin and the 
polyolefin are locally separate from each other. 
Summary of the Invention 
The present invention has been made in considera- 
tion of the above drawbacks and has for its object to 
provide a multi-layered hollow container capable of* 
being formed in an economical and cheap manner by the 
multi-layer co-extrusion, blow molding method using the 
thermoplastic fluorocarbon resin having a good 
co-extrusion blow moldability, chemical resistance, 
water-vaporproof and inter laminar strength. 
Detailed Description of "the Preferred Embodiments 

The multi-layered hollow container according to • 
the present invention consists mainly of an inner layer 
made of a thermoplastic fluorocarbon resin, an inter- 
mediate layer made of a mixed resin of 80 to 30% by 
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weight of a polyolefin grafted with an unsaturated 
glycidyl compound, 35 to 5% by weight of a gum r\abber 
and 50 to 10% by weight of a polyolefin; and an outer 
layer made of a polyolefin. 

The intermediate layer may preferably be made of a 
. mixed resin of 65 to 50% by weight of ethylene-vinyl 
acetate copolymer graft-modified with an unsaturated 
glycidyl compound, 25 to 15% by weight of a gvaa. rubber 
and 30 to 20% by weight of a polyolefin. 

The f luorocarbon resin to be used for the inner, 
layer of the multi- layered hollow container according 
to the present invention may include, for example, 
ETFE, PVDF, PVF, ECTFE, PCTFE and FEP. Among these 
f luorocarbon resins, ETFE, PVDP and FEP are preferred 
from a viewpoint of molding processability. Further, 
ETFE is most suitable for accomplishing the objects of 
the present invention bepause it has a high- resistance"- ' 
to solvents. 

In accordance with the present invention, the 
polyolefin to be used as the outer layer of- the 
container may include, for example, high, medium and 
low density polyethylene, polypropylene and ethyl- 
ene-propylene copolymer. 

When the polyolefin is mixed with an inorganic 
filler and a fiber, a thermal resistance, flammability 
and mechanical strength are improved. 
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The amount of the inorganic filler or fiber to be 
used in accordance with the present invention may range 
from 5 to 90% by weight with respect to 10 to 95% by 
weight of the polyolefin^ preferably from 20 to 60% by 
weight with respect to 40 to 80% by weight of the 
. polyolefin. The inorganic filler may include, for 
example y calcium carbonate, aluminum hydroxide , calcium 
sulfite r talc, gypsum and mica. The fiber may include, 
for example, an inorganic fiber, an organic fiber and 
carbon fiber. Among these fibers, glass fibers which 
are preferred in terms of cost and properties. The 
average lengths of the glass fibers are in the range 
from 0.05 to 30 mm, preferably from 0.2 to 15 mm. 

The. polyolef in graft-modified with the unsaturated 
glycidyl compound to be used for the intermediate layer 
according to the present invention may firmly adhere 
the fluorocarbon resin and the polyolef in together-^ as 
illustrated hereinabove. 

The unsaturated glycidyl compounds may include, 
for example, glycidyl methacrylate and glycidyl 
aery late. These compounds have the following chemical 
structures : 

glycidyl methacrylate: 
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CH^ = C - COOCH-.CH - CH^ 
CHg O 
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glycidyl aery late: 

CH^ = CHCOOCH_CH - CH^ 
2 ^\ / ^ 

O 

The modified polyolefin may be a graft polymer 
prepared, for example, by mixing polyethylene, 
polypropylene or a copolymer thereof or an ethyl- 
ene-vinyl acetate copolymer with the unsatxirated 
. glycidyl compound as described hereinabove and then 
subjecting the resulting mixture to radioactive 
radiation or a reaction in the presence of a peroxide 
catalyst. The graf t-polymerizable polyolefin may 
include, for example, polyethylene, polypropylene or a 
copolymer thereof or an ethylene-vinyl acetate copoly- 
mer as illustrated hereinabove. Among these poly- 
olefins, an ethylene-vinyl acetate copolymer is 
preferred in terms of graft polymerization. 

The. gram rubber has the' great effect of improving 
the molten viscosity of the unsaturated glycidyl 
graft-modified polyolefin, particularly the unsaturated 
glycidyl graft-modified ethylene-vinyl acetate copoly- 
mer, and may not decrease the inter laminau: strength 
between the thermoplastic fluorocarbon resin and the 
polyolefin. The addition of the gum rubber, however, 
may cause melt fractures of a multi-layered molten 
parison leading to irregularities in the wall thick- 
nesses of the intermediate layer and the inner layer. 
In order to improve this property, the polyolefin as 
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illustrated hereinafter is added. With increasing 
amounts of the polyolefin, moldability and uniformity 
in wall thickness of the intermediate layer and the 
inner layer may be improved? however, inter laminar 
strength decreases to a remarkable extent. 
Accordingly, the amounts of the gum rubber are • 
preferably within the range as defined hereinabove. 

The gum rubber may include, for example, natural 
rubber, styrene-butadiene rubber, acrylonitrile-butadi- 
ene rubber, butyl rubber, chloroprene type synthetic 
rubber, acryl rubber, urethane rxibber, poly butadiene 
rubber, ethylene-propylene irubber, ethylene-propylene 
terpolymer, polyether rubber, polybutene-1 rubber and 
ethylene-butadiene rubber. Among these gum. rtibbers , 
ethylene-propylene rubber and ethylene-propylene ter- 
polymer are desirable in terms of compatibility with 
the unsaturated giycidyl graft-modif ied-,^thylene-vinyl 
acetate copolymer -or the polyolefin, moldability and 
cost. 

The polyolefin to be used for the intermediate 
layer o£ the container according to the presen-t 
invention may include, for example, a-olefin homopoly- 
mer such as polyethylene or polypropylene, a copolymer 
of ethylene with other a-olefin such as an ethylene- 
propylene copolymer, ethylene-butene-1 copolymer or 
ethylene-hexane-1 copolymer or a crystalline polymer 
of Ofr-olefins such as propylene-butene-1 . These 
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polymers and copolymers may be blended with each other, 
A high density polyethylene having a low melt index may - 
be preferably used in terms of compatibility with the 
gxaro rubber and the unsaturated glycidyl graft-modified 
ethylene -vinyl acetate copolymer, the effect of 
decreasing a molten viscosity, and cost* 

The three- layer hollow container according to the 
present invention may be molded by conventional 
multi- layer extrusion blow molding method. It is 
economical to prepare the container so that it has a 
thin inner layer made of the fluorocarbon resin and a 
thick outer layer made of general-purpose polyolefin. 

With the hollow container formed as having the 
structure as. described hereinabove, the present 
invention can provide the multi- layered hollow 
container having an excellent chemical resistance 
obtainable., at a cheaper cost' than conventional, ones and " 
without causing the fluorocarbon resin to lose its 
properties as well as having excellent co-extinision 
blow moldability and interlaminar strength due to the 
use of the resin mixture of the unsaturated glycidyl 
graft-modified polyolefin with the gum rubber and the 
polyolefin as the intermediate layer between the inner 
layer made of the fluorocarbon resin and the outer 
layer made of the polyolefin. With high density 
polyethylene, a container suitable for containing 
chemicals having an excellent impact resistance may be 
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provided. The use of polypropylene may provide a 
container for containing medicines and drugs which may 
be sterilizable by heat. 
Example 1 

Using high density polyethylene (HOPE) having a - 

density of 0.95 and a melt index of 0.3 as the outer 

layer, a resin mixture of 45% by weight of graft 

polymer obtained by grafting axi ethylene-vinyl acetate 

copolymer having a density of 0.94 and a melt index of 

1.8 with glycidyl methacrylate with 20% by weight of 

ethylene-propylene terpolymer (ethylene content: 70% j 

propylene content: 15%; cind ethylidenenorbornene 

content: 15%) and 35% by weight of high density 

polyethylene having a density of 0.955 and a melt index 

of 0.05 as the intermediate layer, and 

ethylene-tetra-f luoroethylene alternating copolymer 

resin' (ETFE) having a .melting point of 270 and a 

4 5 

molten viscosity ranging from 10 to 10 at tempera* 
tures ranging from 300 to 330^C as an inner layer, a 
three-layer hollow container having a weight of 45 
grams and an inner content of 500 cc was prepared by 
the multi-layer co-extrusion blow molding machine. The 
outer layer/ intermediate layer/inner. layer ratio in 
wall thickness was found to be 7/ 1/2. 
Example 2 

A three-layer hollow container was prepared by 
using the same materials and following the same 
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procedures as in Example 1 with the exception that a 
resin mixture of 55% by weight of an ethylene-vinyl 
acetate copolymer having a density of 0.94 and a melt 
index of 1,8 grafted with glycidyl methacrylate with 
25% by weight of an ethylene-propylene terpolymer 
(ethylene content: 70%; propylene content: 15%; and 
ethylidenenorbornene content: 15%) and 20% by weight of 
high density polyethylene having a density of 0.955 and. 
a melt index of 0.05 was used for the intermediate 
layer • 
Example 3 

A three-layer hollow container having a weight of 
45 grams and an inner content of 500 cc was prepared by 
using the same materials and following the same 
procedures as in Example 1 with the exception that a 
blend of 70% by weight of HDPE of Example 1 with 30% by 
weight of glass fibers having ah average length of 
10 ram was used for the outer layer. The outer /inter- 
mediate/ inner layer ratio in wall thickness was found 
to be 7/1/2. 
Comparative Excimple 1 

-A three-layer hollow container was prepared by 
using the same materials and following the same 
procedures as in Example 1 with the exception that an 
ethylene-vinyl acetate copolymer having a density of 
0.94 and a melt index of 1.8 grafted with glycidyl 
methacrylate was used as the intermediate layer. This 
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three-layer container was found to be remarkably * 
irregular in wall thickness in the inner layer and the 
intermediate layer, and some portions of the inter- 
mediate layer were deficient so that its commercial 
value was found to be insufficient. 
Comparative Example 2 

A three-layer hollow container was prepared in the 
same manner as in Example L with the exception that a 
mixture of 70% by weight of an ethylene- vinyl acetate 
copolymer having a density of 0.94 and a melt index of 
1.8 grafted with glycidyi methacrylate and 30% by 
weight of an ethylene-propylene terpolymer (ethylene 
contents 70%; propylene content: 15%; and ethylidene- 
norbornene content: 15%) was used for the intermediate 
layer. This three-layer molten parison caused melt 
fractures and led to irregularities in wall thickness. 

The interlaminar of adhesion strength and 
moldability of the containers are shown in a table 
below. 
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*1 

jg^diiesion strength 
"^Aii^/^S mm width) 


*2 

Moldability 


Example 1^^^ 
Example 2 
Example 3 f 

Coraparatiye 

ExaSmple 1 ..h 

• > 

Comparative 
Example 2 


^^'^&b - 300 
500 - 700 
200 - 300 
7 00 800 

700 - 800 


© 
O 
® 

X 
X 



*1) 90** peeling ( interlaminar strength between 

the inner and intermediate layers) 
*2) Moldability: © Excellent 

O Good 

X Remarkably poor 
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What is claimed is; 

1. A multi-layered hollow container comprising an 
inner layer made of a thermoplastic fluorocarbon resin, 
an intermediate layer' made of a mixed resin comprising 
80 to 30% by weight of a polyolefin grafted with an 
unsaturated glycidyl compound and 50 to 10% by weight ' 
of a polyolefin, and an outer layer made of a 
polyolefin. 

2. A multi-layered hollow container according to 
claim 1, wherein the inner layer comprises eui ethyl- 
ene-tetra-fluoroethylene copolymer (ETFE) . 

3. A multi-layered hollow container according to 
claim 1 or 2, wherein the polyolefin grafted witl^ the 
unsaturated glycidyl compound is. an ethylene-vinyl 
acetate copolymer grafted with an unsaturated glycidyl 
compound. 

4. A multi- layered hollow container according to 
claim 3, wherein the intermediate layer comprises 65 to 
50% by weight of the ethylene-vinyl! acetate copolymer 
grafted with the unsaturated glycidyl compound, 25 to 
15% by weight of a gum rubber, and^ 30 to 20% by weight 
of a polyolefin, 

5. A multi-layered hollow container according to - 
any one of claims 1 to 4, wherein the gum rubber is 

ethylene-propylene gum or an ethylene -propylene ter- 
polymer . 
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6. A multi-layered hollow container according to 
any one of claims 1 to 5, wherein the outer layer 
comprises a polyolefin containing an inorganic filler 
or a fiber. 
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